spin resonance/Tooth enamel/Biodosimetry/Enamel separation/Alkaline isolation Electron spin resonance (ESR) of tooth enamel is a recently developed method for the retrospective dose estimation of human radiation exposures. The assay requires isolation of enamel from dentin, which is difficult because the boundary between enamel and dentin is not easily discernible. Here we describe a simple method for isolating enamel by alkaline denaturation of dentin. The method requires 4 weeks, but scratching of the denatured and hence softened dentin is needed only once a week. Above all, no special skill is required. We found that the alkaline treatment did not cause deterioration of the ESR signal recorded in enamel exposed to 2 Gy of 7 rays prior to its isolation. The assay is particularly suited for teeth containing many cracks that were generated during long-term storage after extraction of the teeth. Such teeth tend to disintegrate during enamel isolation processes, which poses difficulties to isolate enamel mechanically from individual small pieces INTRODUCTION
INTRODUCTION
Electron spin resonance (ESR) of tooth enamel is a promising new method for retrospective dose estimation of human radiation exposures'-". One inherent problem with the method is that it requires that the dentin be removed from the enamel. A dental drill is usually used for this, but skill is needed because the boundary between enamel and dentine is not easily discerned.
Because ESR picture from irradiated dentin contains larger background signal and smaller radiation related signal compared with that of enamel, different proportions of contaminating dentin in different enamel samples would cause large apparent inter-tooth variation in ESR signal induction after exposure to the same 7-ray dose. This problem is currently solved by repetition of exposures to a known dose of 7 rays followed by ESR measurements (i.e., individual calibration curve method), and the dose of each sample is estimated after the initial ESR signal intensity. To do this, however, a 7-ray irradiation facility must be nearby, and the original ESR signal cannot be retained unless a sufficiently large quantity of enamel is available so that a fraction can be kept unirradiated.
A recent report showed that inter-tooth variation in ESR signal induction after irradiation of 5 Gy is rather small (coefficient of variation is less than l0%)g'. The results led us to use a calibration curve of pooled enamel samples, instead of generating individual calibration curve, to estimate radiation dose. To achieve this, it is prerequisite that dentin contamination should be kept low and invariable as much as possible among tooth samples.
Here we describe a simple alkaline treatment to denature dentin. Whereas enamel mostly consists of hydroxyapatite crystals (99.5%), dentin contains nearly 20% of collagen and thus can be selectively denatured by alkaline treatment. Under the present experimental conditions, the method requires 4 weeks, but scratching of the denatured dentin is needed only once a week and, above all, no skill is required. We showed that the treatment did not alter the radiation-induced signal recorded in the enamel prior to its isolation.
MATERIALS AND METHODS
Tooth samples and their preparation before enamel isolation We used seven molars extracted for medical reasons at the Ohu University Dental Hospital. Using a water-cooled disc-shaped diamond cutter, each molar was first cut longitudinally into halves so that each half may contain a lingual and a buccal part. The crown parts were subsequently cut off from the root parts. For three teeth which were exposed to 2 Gy of y rays prior to enamel isolation, one piece (i.e., one half crown of each tooth) was subjected to mechanical isolation of enamel by C. M. who is acquainted with the method, and the other was subjected to alkaline isolation by N. N. who is unexperienced in enamel isolation.
For the other four non-irradiated teeth, all the crown parts were used for alkaline separation of enamel for subsequent exposure to 2 Gy of y rays.
Alkaline isolation of enamel About 5 mL of 8 M NaOH was placed into each of 11 (i.e., 3 + 4 x 2) alkaline-resistant, 15 mL polypropylene tubes (#2327-015, Iwaki Glass, Funabashi), and one crown sample was placed into each tube. Once a week, the samples were taken out with stainless steel tweezers, briefly washed with tap water, and the dentin was scraped off with a disposable blade. Whereas the enamel remained hard and semi transparent, the dentine surface exposed to the NaOH solution became soft and dull-white and was easily recognized. One week NaOH exposure usually denatured dentin of 0.5 to 1.0 mm in depth from the surface. After it was scraped, each sample was returned to its tube. The NaOH solution was not renewed. After the 4th scraping, the samples were thoroughly washed with tap water and allowed to dry overnight.
Mechanical isolation of enamel and preparation of enamel samples for ESR
A water-cooled disc-shaped diamond cutter was used for mechanical isolation of enamel. Each enamel sample prepared either by mechanical or alkaline method was crushed in an agate mortar into pieces of 0.3 to 1.0 mm in diameter').
Sample irradiation Irradiation was done at the Research Institute for Radiation Biology and Medicine of Hiroshima
University. Each whole tooth or enamel sample was placed in a plastic tube containing 10 mL water to attain secondary electron equilibrium and exposed to 2 Gy (water dose) of 60Co y rays at a dose rate of 0.5 Gy per min.
ESR measurement
We used Radical Biosensor FR-80 (JOEL, Tokyo) with a field modulation frequency of 100 kHz, amplitude of 0.32 millitesla (mT), microwave power of 16 mW and 0.4 mW, response time of 0.3 s, and a field sweep of 10 mT (336 ± 5 mT) in 4 min. Each measurement consisted of six consecutive scans. Three independent measurements were made for each sample.
Estimation of dose
We used a selective saturation method10) to isolate radiation-related signals from background signals.
We used microwave power strengths of 16 mW and 0.4 mW for this purpose, and subtracted the signal at 0.4 mW from the signal at 16 mW on computer screen.
We divided the subtracted signal intensity by the signal intensity of third marker signal derived from internally located manganese (Mn2+) which appears at the left end of the chart covering a magnetic field strength of 336 ± 5 mT. We did this so that differences in the signal intensity due to different Q values in the resonance chamber caused by different amounts of enamel could be corrected and a linear response obtained between the corrected signal intensity and the enamel weight (reference 11 and Nakamura, unpublished results). We then divided the value by enamel weight to obtain a value per mg of enamel (i.e., slope of the corrected signal intensity versus weight), which was the measure of dose.
To estimate y-ray dose from the ESR data, we used a linear calibration curve of ESR signal intensity per mg of enamel versus 60Co y-ray dose (0 to 4 Gy) (Nakamura et al, in preparation). To draw the calibration curve, we used mechanically isolated pooled samples of enamel derived from 20 molars of non-exposed people. RESULTS 
AND DISCUSSION
There was no difference in ESR estimated dose for the three sample pairs isolated by the mechanical or alkaline method from three teeth (Table 1) . Thus, alkaline treatment for 4 weeks did not cause significant deterioration of the radiation signals recorded in the enamel prior to its isolation.
We then examined if the alkaline treatment caused any alteration in the enamel regarding inducibility of ESR signal by radiation. ESR measurements of enamel from 4 molars separated by the alkaline method and subsequently exposed to 2 Gy of y rays provided estimated doses of 1.94 ± 0.10 Gy. Apparently, the results suggest that the physical nature of alkaline-isolated enamel remained intact, whereas further studies using concurrent chemically and mechanically isolated enamel samples are required to draw a conclusion.
Currently, enamel isolation is the most tedious process associated with ESR measurement of tooth enamel. Mechanical isolation by either a disc-shaped diamond cutter or a dental drill requires skill to recognize the boundary between enamel and dentin. A more serious problem is that when teeth were stored over 2 years under dry conditions, they become cracked and the enamel falls apart during the isolation processes. It is quite labor intensive to get rid of dentin from such small pieces mechanically. The present alkaline method overcomes these problems. After NaOH treatment, dentin can be removed from pieces as small as 1 mm in diameter by rubbing them between the thumb and forefinger. A gentle scratching of the surface of each small piece with a disposable blade can ensure that the dentin has been mostly removed. 
